In this research, the effect of ZSM-5 zeolite catalyst was investigated in the thermal pyrolysis of catalysis of waste tires in Bangladesh. The tires of bus and trucks were pyrolysed in a fixed bed reactor and the derived pyrolysis gases were passed through a condenser. The main objective of this study was to investigate the effect of ZSM-5 on the composition of pyrolytic waste tires oil. The influences of pyrolysis temperature, catalyst-tires (CT) ratio on the production of the derived products were also investigated. While the catalyst-tire (CT) ratio and the pyrolysis temperature were increased the production of char and oil increased but the production of gas was in decreasing trend. Moreover, the CHNS analysis revealed that the percentage of carbon increased from 86.81% to 88.60% and the percentage of sulfur decreased from 1.325% to 1.064% while the catalyst-tire ratio was increased from 0.1 to 0.15. It was noticed from the GC-MS data that the certain aromatic compounds were a high amount as the catalyst-tire ratio was increased gradually The presence of toluene and O-xylene in pyrolytic oil of waste tires increased significantly with a 0.15 CT ratio and this pyrolytic oil would be potentially used as chemical feedstock in different industries.
INTRODUCTION 1
The large amounts of waste tire are increasing annually in all over the world and their dumping are creating environmental as well as economical problems [1] . Energy crisis and environmental degradation are the most treacherous problems for human being. The energy crisis problem has become a burning question in Bangladesh. Renewable energy resources of Bangladesh can minimize the energy crisis as an alternative energy source [2] . About 20.5 million bicycle/rickshaw tires are disposed every year as scrap in Bangladesh [3] . Therefore, the research in oil production by pyrolysis of waste tires has become a great interest in recent years. The decomposition of waste tires at high temperature ranging from 300 to 600 °C in an inert atmosphere and energy recovery is the basic principle of waste tire pyrolysis. Pyrolysis of waste tires for producing oil fuel is an attractive method to recycle the scrap tires and became a promising research area in the renewable energy research field. The pyrolysis of tires produces oils, chars, gases, and steel cords and all of these products are potential to be recycled. The liquids of tire pyrolysis (a mixture of paraffins, olefins and aromatic compounds) have a high gross calorific value (GCV) around 41-44 MJ/kg; therefore, it would be used as an alternative source of conventional liquid fuels [4] [5] [6] . In addition to, the oil contains highly concentrated aromatic compounds such as, benzene, toluene, xylenes and limonene which are being used in different chemical industries [7] . Therefore, catalysts are being used to produce the low concentrated single ring aromatic compounds.
In this study, the effects of CT ratio on the composition of the pyrolytic waste tire oil were investigated. The physical properties of the pyrolytic oil such as density, kinematic viscosity and Gross Calorific Value (GCV) were measured and also compared with the physical properties of conventional oils like diesel and furnace oil. The property of the pyrolytic tire oil was also analyzed by CHNS elemental analysis. In addition, Fourier Transform Infra-Red (FTIR) Spectroscopy and Gas Chromatography (GC) -Mass Spectrometry (MS) were studied to investigate possibility of potential oil exist in waste tires as a chemical feedstock.
MATERIAL AND METHODS

Raw materials
The scrap tires of buses and trucks were used as feedstock raw materials for the pyrolysis process. These tires were collected from the car garage of bus and trucks. (Ferighat, Khulna, Bangladesh). the scrap tires were cut into small pieces (1× 1×0.75cm) or 0.75cm 3 for each feedstock of the pyrolysis process.
Experimental set-up and procedure
The batch type fixed-bed fire tube reactor was used for waste tires pyrolysis process. The length of the reactor feeder was 55 cm, the outer and the inner diameter of the feeder were 17.0 cm and 16.3 cm, respectively. Fig. 1 shows the experimental set-up of the reactor. There were two major components of reactor such as reactor feeder and condenser. The reactor feeder was used for maintaining constant temperature inside the reactor where as the condenser was used for condensing the pyrolytic vapor to liquid [8] . The N2 gas cylinder was connected to the reactor feeder for ensuring an inert atmosphere in the feeder. About 1.5 kW capacity was maintained by three tube heaters having a 10 mm diameter. A distributor plate was fitted to support the feedstock, which was placed on a 30 mm distance from the bottom of the reactor. Glass wool and asbestos rope were used for the thermal insulation of the reactor chamber. The experiments were performed for waste tires of bus and trucks. The inside temperature of the reactor chamber was recorded by the thermocouple sensors. One kilogram of scrap tire as raw material was fed into the reactor for each experiment and the powder form of ZSM-5 zeolite catalyst was added to the raw material inside the reactor. Before the start up of the experiment, the N2 gas flow was supplied in the reactor for a few minutes before the experiment. The temperature of the reactor was maintained at 300°C and the temperature was recorded by a temperature recorder. The colorless gas was emitted from the reactor after the decomposition of raw materials (waste tires). The pyrolytic gaseous product was passed through condenser and the gas was condensed into liquid pyrolytic oil. The experiments were performed with two different CT ratios of 0.1 and 0.15 sequentially. The oil samples were stored in the beakers.
RESULTS AND DISCUSSION
Effect of pyrolysis temperature on product yield
The catalytic pyrolysis of scrap tire was conducted at different temperature ranging from 300°C to 600°C. The authors' previous study of catalytic pyrolysis of waste tire revealed that the liquid production rate increased till to the liquid maximum yield and then the liquid production rate decreased while the pyrolysis temperature was gradually increased [9] . The effect of temperature and catalyst on pyrolysis products of waste tire is shown in Figs. 2 to 4. For waste tire pyrolysis associated without catalyst, the maximum yield of liquid 42.0% (wt) was found at 450 º C without catalyst. But the liquid yield has decreased to 32.67 % (wt) at a temperature of 600°C [8] . The maximum oil yield was about 35.83% (wt) at 460 º C and the yield decreased to 31.95% (wt) while the temperature was at 580°C with a 0.1 CT ratio. Fig. 4 shows the similar temperature effect on oil yield at a 0.15 CT ratio. The oil yield was increasing while the pyrolysis temperature was increased. The maximum oil yield was obtained about 35.63% (wt) at 460 º C and then he yield decreases to 31.86% ( wt) at a temperature of 580°C.
Comparison of pyrolytic liquid properties with other commercial fuels
The properties of pyrolytic oil of waste tire was measured at two different catalyst and tire ratio such as 0.1 and 0.15. The different properties of pyrolytic oil can such as density, kinematic viscosity and Gross calorific value (GCV). Were measured and compared with the properties of conventional diesel and furnace oil (see Table. 1).
Elementary analysis
The elemental analysis of the pyrolytic liquid was carried out at two different CT ratio such as 0.1 and 0.15, respectively. The elemental analysis data are shown in Figs. 5 and 6. The elemental analysis data for two CT ratio of pyrolytic oil samples are summarized in Table 2 . FTIR spectroscopy data analysis It was noticed from the results of FTIR analysis that the pyrolytic oil contained the hydrocarbon compounds are quite similar for different CT ratio. While the CT ratio changed from 0.1 to 0.15 the rate of catalytic cracking increased and the aromatic content in the liquid fuel was significantly increased. The presence of aromatic compounds improves the octane number in liquid fuels. FTIR results are given in Table 3 . 
Gas Chromatography-Mass Spectrometry (GC-MS) analysis
The main products of solid heavy automotives are condensable liquids. It is difficult to quantify the various diversified and numerous components of the pyrolytic oil samples. GC/MS analysis is a very efficient quantification process and this process was carried out with the pyrolysis liquids of 0.15 CT ratio. The GC-MS analysis is carried out to investigate the nature and the presence of different compounds of the pyrolytic liquid [10] . The results of GC-MS analysis of pyrolytic oil of scrap tire was summarized in Table 4 
CONCLUSION
The pyrolysis of waste tires with different catalyst-tire ratio such as 0.1 and 0.15 was successfully carried out. The pyrolytic liquid yield was the maximum (35.63%, wt) at 460°C temperature and then decreased gradually while the temperature was increased. While the catalysttire ratio was increased from 01 to 0.15 the sulfur content has decreased as well as the percentage of carbon content has increased from 86.81% to 88.60%. It was observed that the gross calorific value (GCV) was better with a 0.15 CT ratio than 0.1 CT ratio. Moreover, The FTIR and GC-MS analysis showed that the amount of aliphatic and aromatic compounds was high at a 0.15 CT ratio. The pyrolytic oil of waste tires with a high catalyst-tire (CT) ratio could be recommended as a environment friendly and a potential fuel for its high calorific value, low content of sulfur and the presence of high content of aromatic compounds.
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